A simplified strategy to package foreign proteins into baculovirus occlusion bodies without engineering the viral genome by Fabre, Maria Laura et al.
Journal Pre-proof
A simplified strategy to package foreign proteins into baculovirus
occlusion bodies without engineering the viral genome





To appear in: Journal of Biotechnology
Received Date: 25 June 2019
Revised Date: 8 October 2019
Accepted Date: 26 October 2019
Please cite this article as: Fabre ML, Masson T, Haase S, Ferrelli ML, Romanowski V, A
simplified strategy to package foreign proteins into baculovirus occlusion bodies without
engineering the viral genome, Journal of Biotechnology (2019),
doi: https://doi.org/10.1016/j.jbiotec.2019.10.017
This is a PDF file of an article that has undergone enhancements after acceptance, such as
the addition of a cover page and metadata, and formatting for readability, but it is not yet the
definitive version of record. This version will undergo additional copyediting, typesetting and
review before it is published in its final form, but we are providing this version to give early
visibility of the article. Please note that, during the production process, errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal
pertain.
© 2019 Published by Elsevier.
1 
A simplified strategy to package foreign proteins into baculovirus occlusion bodies without engineering the 
viral genome 
 
María Laura Fabre1, Tomás Masson1, Santiago Haase1#, María Leticia Ferrelli1 and Víctor Romanowski1* 
 
1 Instituto de Biotecnología y Biología Molecular (IBBM, UNLP-CONICET), Facultad de Ciencias Exactas, Universidad 
Nacional de La Plata, La Plata, Buenos Aires, Argentina 
# present address: Department of Cell & Developmental Biology, The University of Michigan School of Medicine, MSRB II, 
RM 4570C, 1150 West Medical Center Drive, Ann Arbor, MI 48109-5689, USA 
 
*Corresponding author: victor@biol.unlp.edu.ar, mobile: +54 9 11 5051 6360   
 
María Laura Fabre: orcid.org/0000-0003-1875-4196 
Tomás Masson: orcid.org/0000-0002-2634-6283 
María Leticia Ferrelli: orcid.org/0000-0001-9086-4563 





 Performance of a strategy to improved wild type Baculovirus occlusion bodies 
 Engineering insect cell as production platform for recombinant proteins 
 A unique polyhedron envelope protein packaged different Baculoviruses 
 
Abstract 
Polyhedron envelope protein (PEP) is the major component of the calyx that surrounds the baculovirus occlusion body (OB). 
PEP has been associated with the stabilization and resistance of polyhedra in the environment. Due to the abundant levels of 
PEP in OBs, we decided to use this protein as a fusion partner to redirect foreign proteins to baculovirus polyhedra. In this 
study we developed a strategy that involves the generation of a monoclonal transformed insect cell line expressing a protein of 
interest fused to the the Anticarsia gemmatalis multiple nucleopolyhedrovirus (AgMNPV) N-terminus of PEP that enables the 










platform that could be exploited to improve wild type baculovirus for their use as bioinsecticides without facing the concerns 
of releasing genetically modified DNA to the environment and bypassing the associated regulatory issues.  
We demonstrated, using immunological, proteomic and microscopy techniques, that the envelope of AgMNPV OBs can 
effectively trap chimeric proteins in an infected insect cell line expressing AgMNPV PEP fused to the enhanced green 
fluorescent protein (eGFP). Furthermore, packaging of chimeric PEP also took place with heterologous OBs such as those of 
Autographa californica multiple nucleopolyhedrovirus (AcMNPV), another group I alphabaculovirus. 
 










1. Introduction  
The family Baculoviridae consists of rod-shaped, enveloped, occluded viruses that contain circular double-stranded DNA 
genomes of 80-180 kb and infect insects from the orders Lepidoptera, Diptera and Hymenoptera (Haase et al., 2013; Harrison 
et al., 2018). In the environment, mainly on the foliage and in the soil, baculoviruses are found as occlusion bodies (OBs) 
which contain one or more enveloped nucleocapsids embedded in an abundant matrix composed mainly of a protein designated 
polyhedrin in nucleopolyhedrovirus (NPVs) or granulin in granulovirus (Gvs) (Jehle et al., 2006). The OB are surrounded by a 
calyx or polyhedron envelope (PE), composed mainly of polyhedron envelope protein (PEP) (Rohrmann, 2013). Insects 
feeding on contaminated foliage ingest the OBs. Once in the midgut, the OBs are dissolved, releasing the occlusion-derived 
virions (ODVs) that enter the epithelial cells to initiate an infectious cycle. Early in infection budded virions (BVs) are 
produced and spread throughout the permissive tissues of the insect. At late stages of infection a different type of enveloped 
virions accumulate and become occluded to form OBs within the nuclei of NPV-infected cells (Rohrmann, 2013). In view of 
their pathogenic potential, baculoviruses have been studied as promising bioinsecticides and over three decades several 
commercial products became available (Haase et al., 2015; Kroemer et al., 2015; M G López et al., 2018). Baculoviruses are 
especially attractive biological control agents due to their narrow host range and the long viability of their OBs that can persist 
in a hostile environment. However, they exhibit some limitations such as the slow speed of kill compared to chemical quick 
action pesticides. 
When OBs reach the larval midgut, released ODVs must cross the first barrier consisting of the peritrophic membrane (PM) a 
layer separating the midgut lumen form the epithelial cells. Some baculoviruses have been engineered to improve their 
infectivity, embedding enhancing factors into the OBs to increase the permeability of the PM (Hegedus et al., 2009; Mitsuhashi 
et al., 2007; Yang et al., 2017). To achieve packaging of foreign insecticidal proteins into genetically modified OBs fusion to a 
second copy of polyhedrin (POLH) has been extensively explored (Ali et al., 2015; Chen et al., 2013; M G López et al., 2018). 
Another OB target protein not fully investigated thus far is the polyhedron envelope protein (PEP), also known as pp34 or 
calyx, a 34.5 kDa virus-specific phosphoprotein that forms multiple layers surrounding the OBs. Sajjan and Hinchigeri (2016) 
reported that mature PEP layers represent approximately one-third of the BmNPV OB volume. Recently, a truncated version of 
PEP was engineered to display nano-ZnO particles (Li et al., 2015). This modification improved the UV resistance of the 
recombinant Autographa californica multiple nucleopolyhedrovirus (AcMNPV) OBs. The authors of that study did not 
observe complementation between PEP of different baculoviruses.  
In view of the high abundance of PEP, we considered this protein as an interesting target to drive foreign selected polypeptides 
to the outer layer of the OB. This localization would allow a more immediate and direct interaction with the PM barrier during 










success of this baculovirus used to control the populations of the velvet bean caterpillar, Anticarsia gemmatalis (Lepidoptera: 
Noctuidae), an important defoliator of soybean fields in warm territories of South America (Levy et al., 2011; Moscardi, 1999). 
However, its performance is much lower in temperate climates and efforts must be addressed to improve its speed of action in 
other areas of the Americas. 
The study aimed to develop a stably transformed insect cell line as a platform for delivery of recombinant proteins into OBs of 
wild type baculovirus as a way to improve its insecticidal properties. We present a stably transformed UFLAg insect cell line 
that constitutively expresses the fusion polypeptide of GFP and PEP from AgMNPV and test the expression and localization of 
the chimeric protein in the wild type OBs of two baculoviruses AgMNPV (narrow host range) and AcMNPV (wide host 
range).  
2.Materials and methods  
2.1 Cells and viruses 
The UFLAg-286 cell line was grown at 28 °C in Grace’s (InvitrogenTM) medium containing 10% fetal bovine serum 
(Internegocios S.A., Mercedes, Argentina) (Sieburth and Maruniak, 1988). AgMNPV-2D and AcMNPV-C6 isolates were 
propagated in UFLAg-286 and High Five (BTI-TN-5B1-4) cells, respectively. Infection assays followed the standard 
procedures (O’Reilly et al., 1994). 
2.2 Construction of the expression vector 
The expression plasmid pIP-V5/His is a modified version of the pIB-V5/His (InvitrogenTM) in which the blasticidin resistance 
gene was replaced with the puromycin selection cassette. This plasmid contains a constitutive early promoter (pOie2) and a 
polyadenylation signal derived from the ie1 gene of Orgyia pseudotsugata MNPV. To generate the pIP-GFP::PEPAg plasmid, 
the ORF encoding for PEP was amplified from AgMNPV-2D (Genbank accession number NC_008520) by PCR with primers 
Fpep (5' GAGCTCACTGGATCCGGCGGAGGCGGAAGCTACGCTGTACCTACAATATCATT 3') and Rpep 
(5'GACTCTCGAGTTATTTGCGACTGCCCATC3') harboring restriction endonucleases sites (underlined) along with a linker 
sequence (coding for peptide GGGGS, in bold). PCR conditions involved 30 cycles of 94 °C for 45 s, 55 °C for 20 s, and 72 
°C for 45 s. PCR product was cloned into pGEM-T EasyTM (InvitrogenTM) and then excised by digestion with SacI and XhoI 
enzymes. This fragment was then inserted between SacI-XhoI sites in pIP-V5/His vector to generate the pIP-PEPAg. The egfp 
reporter gene (coding for the enhanced green fluorescent protein eGFP, hereinafter referred to as GFP) was amplified from the 
pEGFP-N3 plasmid (Clontech) by PCR using Fegfp (5’ GGTACCACTGAGCTCAGATCTATGGTGAGCAAGGGCGAG 3’) 
and Regfp (5’ GGATCCTCTAGATGACTTGTACAGCTCGTCCATGCC 3’) primers. PCR conditions were those described 
above. The resulting egfp fragment was inserted into the pGEM-T EasyTM and then sub-cloned in the pIP-PEPAg between SacI 










PCR-derived fragments were confirmed by Sanger sequencing (Macrogen Corporation, South Korea). 
2.3 Stably cell lines expressing GFP and GFP::PEPAg 
UFLAg-286 cells were seeded in a 6-well plate (2 × 106 cells/well) and transfected with 1 μg of plasmid DNA using 3 μl of 1 
mg/ml polyethyleneimine (PEI) according to Ogay et al., 2006 to generate the UFLAg-GFP::PEPAg and UFLAg-GFP cell 
lines. Briefly, 1μg of the plasmid DNA was mixed with 100 μL of 150 mM NaCl and mixed gently with PEI. After incubation 
at room temperature for 5 min DNA-PEI complex was added to the cells. At 24 h post transfection, the medium was replaced 
with fresh medium containing 10 μg/mL puromycin and incubated for 2–3 weeks with occasional replacements. Clones of 
puromycin-resistant cells were isolated using the terminal dilution method (Lynn and Harrison, 2016). Wells containing cells 
were examined by fluorescence microscopy using a Nikon eclipse ti with a GFP filter. The same clones of UFLAg-GFP and 
UFLAg-GFP::PEPAg were used for all subsequent experiments in parallel with the original UFLAg-wt cell line. 
2.4 Occlusion bodies purification 
UFLAg-wt, UFLAg-GFP, and UFLAg-GFP::PEPAg cell lines (107 cells each) were infected with AcMNPV and AgMNPV 
(MOI: 10 pfu/cell). At 120 h p.i., the polyhedra were purified according to a standard protocol (O’Reilly et al., 1994). Briefly, 
the cells were sedimented at 3,000 x g for 5 min, resuspended in ddH2O and sonicated for two cycles of 30 s at 50% potency 
(Sonics Vibra-Cell) in ice. Cell debris was eliminated by centrifugation (500 x g, 2 min) and supernatant with viral OBs was 
centrifuged at 15,000 x g for 20 min. OBs were washed twice and resuspended in PBS. OBs were loaded onto 50% (w/w) 
sucrose cushion and centrifuged at 15000 x g 20 min at 4°C in a microcentrifuge (Eppendorf). The pellet containing the OBs 
was washed twice and resuspended in PBS. Finally, OBs were counted using Neubauer’s hemocytometer mounted on a phase-
contrast light microscope with a 20x objective. GFP-positive OBs in each sample were detected with a fluorescence 
microscope (40x objective). Three images containing more than 1000 OBs each were counted for all the samples and analyzed 
with ImageJ software, (https://imagej.nih.gov/ij/). The results were plotted in the form of a bar graph: % GFP-positive OBs vs. 
total number of OBs in samples of AgMNPV and AcMNPV.  
2.5 Confocal microscopy and SEM 
AcMNPV and AgMNPV OBs purified from infected UFLAg-GFP, and UFLAg-GFP::PEPAg cells in independent experiments 
were visualized in a Leica TCS SP5 confocal laser scanning microscope (63x optical zoom). Scanning electron microscopy 
(SEM) was used to examine the polyhedron envelope on the surface of OBs derived from UFLAg-GFP::PEPAg cells infected 
AgMNPV and AcMNPV. OB samples were fixed overnight in suspension by mixing with an equal volume of fixative (4% 
formaldehyde and 1% glutaraldehyde in 0.1M phosphate buffer, pH 7.4) and subsequently washed twice with 0.1M phosphate 
buffer. Samples were then partially dehydrated with 70% ethanol, dried, placed on aluminum mounts using carbon tags, 










virus were selected randomly and size measured to calculate the average diameter. 
2.7 Western blot 
Cell pellets from infected and uninfected UFLAg-wt, UFLAg-GFP and UFLAg-GFP::PEPAg and negative and positive control 
samples (wt UFLAg-286 cells and purified GFP protein, respectively) were washed with PBS and resuspended in RIPA buffer 
containing 1:100 protease inhibitor cocktail (Sigma-Aldrich). The protein extracts were incubated in sample buffer containing 
a protease inhibitor cocktail (Sigma-Aldrich) and heated at 100 C for 5 minutes. Samples were separated by 10% SDS-PAGE 
and transferred onto a PVDF membrane by wet electrophoresis. The membranes were blocked with 5% non fat milk in Tris-
buffered saline (TBS) containing 0.01% Tween 20 and were incubated with an anti-GFP monoclonal antibody (Chromotek, 
3#9) for 1 h at room temperature, washed three times with TBS-Tween, and incubated with horseradish peroxidase (HRP)-
coupled anti-rat IgG (Thermo Fisher Scientific, # 61-9520) at room temperature for 1 h. The membrane was washed three 
times with TBS-Tween and developed with ECL Reagent (Thermo Fisher Scientific). 
2.8 Mass spectrometry analysis 
AcMNPV and AgMNPV OBs samples derived from UFLAg-GFP::PEPAg cells were quantified by Bradford assay (Bradford, 
1976) and protein samples were treated as described in Masson et al., 2019. Analyses were performed at the Proteomics Core 
Facility CEQUIBIEM, UBA-CONICET (University of Buenos Aires - National Research Council). The digested samples were 
analyzed by nano LC-MS/MS in a Thermo Scientific Q Exactive Mass Spectrometer coupled to a nano-HPLC EASY-nLC 
1000 (Thermo Scientific). A voltage of 3.5 kV was used for ElectroSpray Ionization (Thermo Scientific, EASY- SPRAY). 
Full-scan mass spectra were acquired in the Orbitrap analyzer. The scanned mass range was 400-1800 m/z, at a resolution of 
70000 at 400 m/z and the 12 most intense ions in each cycle, were sequentially isolated, fragmented by higher-energy 
collisional dissociation (HCD). Peptides with a charge of +1 or with unassigned charge state were excluded from 
fragmentation for MS2.  
2.9 MS data analysis 
Q Exactive raw data was analyzed using Proteome DiscovererTM software (version 2.1.1.21, Thermo Scientific) and searched 
against AgMNPV and AcMNPV proteomes database (accession numbers DQ813662.2 and KM667940, National Center for 
Biotechnology Information www.ncbi.nlm.nih.gov) digested in silico with trypsin with a maximum of one missed cleavage per 
peptide. A 10 ppm was set as precursor mass tolerance and a 0.05 Da as product ion tolerance. Protein hits were filtered for 
high confidence peptide matches with a maximum protein and peptide false discovery rate of 1% calculated using a reverse 
database strategy. LC-MS/MS data were analyzed by Proteome DiscovererTM software for a label-free protein quantification 
using a the emPAI values. EmPAI values of GFP::PEPAg were converted to molar percentages by normalizing against the sum 












3.1 Development of stably transformed insect cell lines 
UFLAg-286 cells were engineered to constitutively express the GFP::PEPAg polypeptide to assay if OB could acquire PEP 
supplied in trans during morphogenesis. To this end, two expression plasmids were constructed: pIP-GFP::PEPAg containing 
the complete sequence of AgMNPV PEP, hereafter designated PEPAg, fused at its N-terminus to the enhanced green 
fluorescent protein (GFP), and pIP-GFP containing the egfp gene ORF as a control plasmid (Fig.1a). These plasmids were used 
to develop two stably transformed insect cell lines: UFLAg-GFP::PEPAg, expressing the GFP::PEPAg polypeptide and UFLAg-
GFP, generated to test if GFP alone could be incorporated into the OBs. UFLAg-286 cells were transfected with the 
corresponding expression plasmids and then incubated with selection medium until several puromycin resistant clones were 
obtained. The presence of the eGFP reporter gene in both transformed cells was assessed by fluorescence microscopy, 
confirming the successful production of both recombinant proteins, GFP::PEPAg and eGFP, in the selected cell lines (Fig. 1b). 
Western Blot analysis confirmed the expression of GFP::PEPAg in UFLAg-GFP::PEPAg cells. A 65 kDa band was observed 
corresponding to the expected size for the GFP::PEPAg fusion product (Fig. 1c). UFLAg-286 were used as negative control and 
UFLAg-GFP cells as positive control for GFP expression. 
3.2 Targeting of GFP::PEPAg to AgMNPV and AcMNPV OBs 
To evaluate the localization of the GFP::PEPAg protein in the OBs, UFLAg-GFP::PEPAg cells were infected with wild type 
AgMNPV. As previously reported by Sieburth and Maruniak, 1988, UFLAg-286 cells are also susceptible to AcMNPV; 
therefore, UFLAg-GFP::PEPAg were also used to analyze if GFP::PEPAg could be included in wild type AcMNPV OBs. Light 
microscopy analysis showed that constitutive expression of the recombinant protein in UFLAg-GFP::PEPAg did not affect the 
replication of AgMNPV and AcMNPV, and produced well-formed polyhedra (Fig. 2a). Same results were obtained with the 
control cell line UFLAg-GFP, infected with AgMNPV or AcMNPV (Fig. 2b). Purified OBs of AgMNPV or AcMNPV 
obtained by infection of cell lines UFLAg-wt, UFLAg-GFP and UFLAg-GFP::PEPAg in parallel experiments, were analyzed 
by western blot with anti-GFP antibody to confirm the localization of the fusion protein and to corroborate if PEPAg could drive 
the inclusion of GFP into the OB (Fig. 3a). The OBs derived from UFLAg-GFP::PEPAg infected cells were GFP positive, 
showing the corresponding polypeptide band size (65 kDa). On the other hand, there was no GFP positive signal in OBs 
derived from UFLAg-GFP infected cells confirming that GFP alone did not drive inclusion into the OBs. These results 
demonstrated that PEPAg is the only responsible for the localization of GFP::PEPAg in OBs of AgMNPV and AcMNPV OBs. 
Even though, pep gene products have been described to be virus-species-specific, the experiments indicated that PEPAg can 










3.3 Packaged OBs analyzed by microscopy 
Confocal microscopy analysis of AgMNPV and AcMNPV OBs produced in UFLAg-GFP::PEPAg infected cells confirmed the 
presence of the fusion GFP::PEPAg in the OBs (Fig. 3b). The incorporation efficiency of GFP::PEPAg using UFLAg-
GFP::PEPAg cells was analyzed in AgMNPV and AcMNPV OBs.  Parallel cultures of this insect cell line were infected with 
either virus at the same moi, in duplicate and, purified OBs were counted by fluorescent microscopy in triplicate. The 
percentages of fluorescent OBs (GFP-positive) versus non fluorescent OBs are shown in a bar graph (Fig. 3c, Fig. S1). 
Student’s t test showed no significant differences between the two analyzed baculoviruses. Scanning electron microscopy 
(SEM) analysis showed a smooth surface typical of intact polyhedra for both viruses (Fig. 3d). SEM images used to estimate 
the mean diameter of the polyhedra resulted in 3 μm and 2,30 μm for AgMNPV and AcMNPV OBs, respectively. This 
measurements agree with previously reported data (Coulibaly et al., 2009; Pombo et al., 1998). In summary, these results 
indicated a good performance of a stably transformed insect cell line to supply the recombinant protein GFP::PEPAg and 
deliver it to the wild type baculovirus OBs without disrupting the viral envelope.  
3.4 OBs mass spectrometry analysis 
OBs obtained upon infection of UFLAg-GFP::PEPAg with AgMNPV or AcMNPV, in parallel experiments, were analyzed by 
tandem mass spectrometry to characterize their protein composition and to confirm the incorporation of GFP::PEPAg protein. 
LC-MS/MS profiles were similar to those reported by others for wild type AcMNPV and AgMNPV OBs (Braconi et al., 2014; 
R. R. Wang et al., 2010): a total number of 78 and 66 proteins were identified in AcMNPV and AgMNPV packaged OBs, 
respectively (Table S1). Ten and seven GFP::PEPAg unique peptides were identified in AgMNPV and AcMNPV OBs, 
respectively, confirming the presence of the recombinant fusion protein in the OBs (Fig. 4a). Most importantly, in the case of 
AcMNPV endogenous PEP could also be identified confirming that the competition between both active PEPs were not 
mutually exclusive. In addition, a label-free quantification method based on spectral counting was used in LC-MS/MS.  
Normalized emPAI values obtained by Proteome DiscovererTM search software were used as a rough estimation of the amount 
of GFP::PEPAg in AcMNPV or AgMNPV OBs (Table S2) (Ishihama et al., 2005; Shinoda et al., 2009). For the GFP::PEPAg 
protein in AgMNPV OB and AcMNPV OB samples the molar percentages were 8.82E-02 and 1.1E-04, respectively. This 
approach reflected that the AgMNPV OBs incorporated approximately a hundred times more chimeric protein than the 
AcMNPV OBs. Further analyses are needed to make a more accurate quantification of the fusion GFP::PEPAg in the OBs.  
4. Discussion 
Formulation of biopesticides based on wild type baculoviruses has been widely tested and approved for field use by regulatory 
authorities in many countries. Even though recombinant baculoviruses were reported to increase the speed of kill or reduce the 










efforts should be made to determine the environmental impact (Haase et al., 2015; Hoy, 2019; Tiedje et al., 2014). Regulations 
preventing the release of genetically modified viruses on a broad scale encouraged us to develop a proof of concept to test the 
ability of a transformed cell line, UFLAg-GFP::PEPAg to express and deliver the fusion polypeptide GFP::PEPAg to different 
wild type OBs (Fig.4c). In this study we used wild type AgMNPV and AcMNPV, two group I alphabaculoviruses with a 
narrow and a broad host range, respectively. The morphology of these decorated OBs showed that both AgMNPV and 
AcMNPV decorated with GFP::PEPAg had a normal shape and size, in accordance with previous reports for wild type OBs 
(Sajjan and Hinchigeri, 2016; Wang et al., 2010). Even though PEP is a virus species-specific protein, AcMNPV encoded PEP 
is expressed and assembled to form the envelope and allows interactions with the heterologous GFP::PEPAg constitutively 
expressed in engineered UFLAg-GFP::PEPAg cells. We hypothesize that protein-protein interactions between different 
baculoviral PEPs are highly dependent on the sequence similarity and the evolutionary distance between them. This 
observation is supported by the lack of complementation between AcMNPV PEP and orthologs of distantly related viruses, 
like HearNPV and CpGV with 41%, 24.8% sequence identity, respectively (Li et al., 2015). In contrast, amino acid sequence 
alignment between AgMNPV and AcMNPV PEP showed an overall 63% identity (Fig. 4). Further studies are needed to 
determine the composition of the polyhedron envelope and the interaction of PEP within this structure. The proteomic analysis 
yielded OB protein profiles which are in accordance with those reported in the literature pointing at an unaltered composition 
of nucleocapsid and ODV inside the OBs. The detection of GFP::PEPAg in both baculovirus OBs indicated that our strategy 
was successful in delivering a recombinant protein encoded in trans by a transformed UFLAg-GFP::PEPAg cell line. Regarding 
the label-free quantification, the normalized emPAI showed a lower incorporation of the chimeric protein by AcMNPV OBs, 
which is consistent with the reported characteristic of pep gene product as virus-species-specific (Li et al., 2015). For future 
label-free proteomic quantification experiments saturation with highly expressed proteins such as POLH should be minimized. 
We presented a novel strategy to incorporate foreign proteins into wild type baculovirus occlusion bodies avoiding the need to 
genetically modify the viruses for their use as bioinsecticide. Since polyhedron envelope is the first structure that must be 
disassembled to allow the release of virions (ODV) in the midgut, the incorporation of insecticidal proteins into this structure 
would contribute to a faster invasion of intestinal epithelium of target insect larvae. Proteins like v-cath, chitinase, 
metalloproteinases would be interesting choices. On the other hand, it was shown that lectins have the ability to deliver 
proteins from the midgut to the nervous system of the larvae (Fitches et al., 2012). Lectins should be exploited to generate 
fusion peptides with arthropod-specific toxins that have the potential to improve their insecticidal properties. This work is 
aimed at exploring the transformed insect cell lines as a new biotechnological platform that allows the generation of decorated 
occlusion bodies.  










in non-transformed cells. No integration of host genomic DNA sequences has been detected by PCR in BVs, or after passaging 
the viral progeny from UFLAg-GFP::PEPAg cells in UFLAg cells. Even though the occurrence of a recombination event 
between the cellular and baculoviral genome had been reported in the past (Mangor et al., 2001) so far we have never detected 
integration of host DNA sequences in the baculoviral genome (data not shown). The conditions that allowed Mangor et al. to 
detect gp64 knock out AcMNPV (vAc64-, unable to infect and propagate Sf9 cells) that acquired VSV G sequences from 
Sf9VSV-G cell line expressing this glycoprotein were quite different from those described in our study: i.e., vAc64- was passaged 
many times in Sf9VSV-G; the VSV G sequences in the cell genome were flanked by extensive baculovirus sequences from the 
p10 locus that maximized the probability of homologous recombination with the vAc64- genome, thus, generating a virus with 
the selective advantage of infecting, replicating and propagating independently in Sf9 cells (as opposed to vAc64-); our wt 
viruses are fit for propagation, the chances of acquiring a second copy of a chimeric pep gene (in addition to the wt pep gene) 
are minimized by the lack of extensive flanking viral sequences; in addition, such recombinant virus would not exhibit a 
selective advantage. Therefore, even though we cannot absolutely rule out the chance of integration of host DNA fragments 
into the baculoviral genome, this is a very unlikely possibility in a single amplification of the AcMNPV and AgMNPV in 
UFLAg-GFP::PEPAg cells. Nevertheless, for future applications of this system exhaustive analysis should be performed to rule 
out any genome rearrangements.  
The incorporation of exogenous proteins expressed by the cell line brings a new perspective to the use of OBs as carriers for 
biotechnological uses, including applications other than baculovirus-based biopesticides, such as OB-associated antigens and 
the use of polyhedra as slow delivery of bioactive polypeptides (López et al., 2018; Fabre et al., 2019).  
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Fig. 1. Expression analysis of GFP::PEPAg protein in the stably transformed UFLAg-GFP::PEPAg cell. a. Expression plasmids, 
pIP-GFP::PEPAg and, pIP-GFP: GFP::PEPAg fusion and eGFP ORFs were inserted downstream of the OpIE2 promoter (PopIE2). 
b. Fluorescence microscopy of the monoclonal insect cell lines. Upper panel: UFLAg-wt cells, middle panel: UFLAg-GFP and 
lower panel: UFLAg-GFP::PEPAg (200x) Phase contrast (Ph) and UV fluorescence (GFP). c. Western blot: anti-GFP 
monoclonal antibody was used to detect GFP and the fusion protein GFP::PEPAg: lane M: molecular size marker, lane 1: 
negative control (UFLAg-wt cells), lane2: UFLAg-GFP::PEPAg cells, lane 3: UFLAg-GFP cells. 
 
Fig. 2. Phase contrast (Ph) and UV fluorescence (GFP) microscopy of stably transformed insect cell lines: a. UFLAg-
GFP::PEPAg cells: Mock infected (A, 200x), infected with AgMNPV (B, 200x), AcMNPV (C, 200x) 3 d p.i. b. UFLAg-GFP 
cells: Mock infected (A, 200x), infected with AgMNPV (B, 200x), AcMNPV (C, 200x) 3 dp.i.  
 
Fig. 3 a. Western blot (anti-GFP) lane 1: purified GFP, lane 2: mock UFLAg-GFP::PEPAg, lanes 3-4-5: purified AgMNPV 
OBs isolated from UFLAg-wt, UFLAg-GFP and UFLAg-GFP::PEPAg cells, respectively, lanes 6-7-8: purified AcMNPV OBs 
isolated from UFLAg-wt, UFLAg-GFP and UFLAg-GFP::PEPAg cells, respectively. b. Representative images of confocal 
fluorescence microscopy of purified AgMNPV and AcMNPV OBs (65x objective) and GFP filter and phase contrast (Ph). c. 
Analysis of GFP::PEPAg OBs yields, each bar represents the percentage of fluorescent OBs referred to the total polyhedra of 
AgMNPV or AcMNPV sample. Student’s t-test, p = 0.96 (n ≥ 1000 OBs/sample, in triplicate). d. Scanning electron 
microscopy (SEM) of purified OBs from AgMNPV and AcMNPV (10000x).  
 
Fig 4 a. Amino acid sequence of the recombinant GFP::PEPAg: the segment of the GFP sequence is highlighted in pale green 
and the PEPAg sequence in peach color. The linker sequence is not colored. Unique peptides identified by Orbitrap are 
underlined: AcMNPV peptides in red and AgMNPV peptides in blue. b. Alignment of PEP amino acid sequence derived from 
AgMNPV (ABI13910.2) and AcMNPV (ABF30966.) using ClustalO (https://www.ebi.ac.uk/) with the standard parameters 
and coloring was performed with JalView, identical amino acid residues are highlighted in blue and conserved domains are 
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